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Abstract: Eight decades ago, Arthur Holmes introduced the idea of mantle convection as a 
mechanism for continental drift. Five decades ago, continental drift was modified to become 
plate tectonics theory, which included mantle convection as an absolutely critical component. 
Using the submarine design and operation concept of “neutral buoyancy”, which follows from 
Archimedes’ discoveries, the concept of mantle convection is proven to be incorrect, 
concomitantly refuting plate tectonics, refuting all mantle convection models, and refuting all 
models that depend upon mantle convection.  
1 Introduction 
Discovering the true nature of continental displacement, its underlying mechanism, and its 
energy source are among the most fundamental geo-science challenges. The seeming continuity 
of geological structures and fossil life-forms on either side of the Atlantic Ocean and the 
apparent “fit’ of their opposing coastlines led Antonio Snider-Pellegrini to propose in 1858, as 
shown in Fig. 1, that the Americas were at one time connected to Europe and Africa and 
subsequently separated, opening the Atlantic Ocean (Snider-Pellegrini, 1858). 
 
Fig. 1 The opening of the Atlantic Ocean, reproduced from (Snider-Pellegrini, 1858). 
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Half a century later, Alfred Wegener promulgated a similar concept, with more detailed 
justification, that became known as “continental drift” (Wegener, 1912). Another half century 
later, continental drift theory was modified to become plate tectonics theory (Dietz, 1961;Hess, 
1962;Le Pichon, 1968;Vine and Matthews, 1963). 
Any theory of continental displacement requires a physically realistic mechanism and an 
adequate energy source. In 1921, Bull suggested the idea of mantle convection being involved in 
mountain formation (Bull, 1921). In 1931, Holmes elaborated upon the concept of mantle 
convection and suggested it as a mechanism for continental drift, publishing the illustration 
reproduced as Fig. 2 (Holmes, 1931). Mantle convection was later adopted as an inextricable part 
of plate tectonics theory, as illustrated by the U. S. Geological Survey diagram reproduced as 
Fig. 3. 
 
Fig. 2 Schematic representation of mantle convection, from (Holmes, 1931). Reproduced with 
permission of the Geological Society of Glasgow. 
 
 
Fig. 3 U. S. Geological Survey schematic representation of mantle convection associated with 
plate tectonics theory. 
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For eight decades, mantle convection has been taken for granted, its existence assumed without 
proof and justified by (flawed) numerical calculations. Herndon (2009, 2010a, b) first discovered 
the physical impossibility of mantle convection, revealed the widespread mis-application of the 
Rayleigh Number to the Earth’s mantle, and pointed to flaws underlying mantle convection 
models. 
Modeling mantle convection typically involves complex computer-mathematical calculations 
based upon approximations applied to the Eulerian equations of fluid dynamics and generally 
begins with the (false) assumption that mantle convection occurs in nature. Whereas 
sophisticated calculations may appear elegant and impressive, their use can be misleading, 
especially when parameterization techniques are applied. Rather than moving toward increased 
complexity and abstraction, the author attempts to move toward increased simplification and 
ease of understanding, reducing a problem to its fundamental elements, intimately connected to 
the properties and behavior of matter. In the following section, the author proves in a new, 
readily understandable, yet mathematically precise way, that convection in the Earth’s mantle is 
physically impossible. The author then points to popular research topics that are no longer valid 
as a consequence of their being critically dependent upon physically-impossible mantle 
convection, and refers to a different development of geodynamics which is independent of 
mantle convection. 
 
2 Physical Impossibility of Mantle Convection 
The lava lamp, invented by Smith (1968), affords an easy-to-understand demonstration of 
convection at the Earth’s surface. Heat warms a blob of wax at the bottom, making it less dense 
than the surrounding fluid, so that the blob floats to the surface, where it loses heat, becomes 
denser than the surrounding fluid and sinks to the bottom. The lava lamp model is not applicable 
to the Earth’s mantle due to compression caused by over-burden weight (Herndon, 2009, 2010a, 
b). 
Earth-mantle density as a function of radius is shown in Fig. 4. Because of the weight of the rock 
above, the mantle is about 62% more dense at the bottom than the top. The Rayleigh Number, as 
discussed by Herndon (2009), was derived on the basis of constant density and is thus 
inappropriate to apply to the Earth’s compressed mantle. 
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Fig. 4 Mantle density as a function of Earth radius. Data from Dziewonski and Anderson (1981). 
Consider a “parcel” of matter at the base of the Earth’s lower mantle existing at the prevailing 
temperature, T0, and having density, ρ0, indicated by the data upon which Fig. 4 is based 
(Dziewonski and Anderson, 1981). Now, suppose that the “parcel” of bottom-mantle matter is 
selectively heated to temperature ΔT degrees above T0. The “parcel” will expand to a new 
density, ρz, given by 
ρz  =  ρ0 (1-αΔT) 
where α is the volume coefficient of thermal expansion at the prevailing temperature and 
pressure. 
Now, consider the resulting dynamics of the newly expanded “parcel”. Under the assumption of 
ideal, optimum conditions, the “parcel” will suffer no heat loss and will encounter no resistance 
as it floats upward to come to rest at its “neutral buoyancy”, the point at which its own density is 
the same as the prevailing mantle density. The Earth-radius of the “neutral buoyancy” point thus 
determined can be obtained from the data upon which Fig. 4 is based; the “maximum float 
distance” simply is the difference between that value and the Earth-radius at the bottom of the 
lower mantle. 
The relationship between “maximum float distance” and ΔT thus calculated for the lower mantle, 
shown in Fig. 5, proves conclusively the physical impossibility of lower mantle convection. At 
the highest ΔT shown, the “maximum float distance” to the point of “neutral buoyancy” is <25 
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km, just a tiny portion of the 2900 km distance required for lower mantle convection, and the 
3750 km required for whole-mantle convection. Even with the assumed “ideal, optimum 
conditions” and an unrealistically great ΔT = 600°K, an error in the value of α by two orders of 
magnitude would still not cause the “maximum float distance” to reach 2900 km, the top of the 
lower mantle. 
 
Fig. 5 The “maximum float distance” to “neutral buoyancy” from the base of the lower mantle as 
a function of “parcel” temperature rise. The value used for the coefficient of thermal expansion, 
α=0.37x10-5 K-1, is from the standard reference state value of MgSiO3 perovskite (Oganov et al., 
2001), reduced by 80% to take into account lower mantle base temperature and pressure, 
according to (Birch, 1952). 
The same reasoning can be applied to prove the physical impossibility of upper mantle 
convection. Here the upper mantle is taken to begin at the seismic discontinuity at radius 5700 
km, which separates the endo-Earth (lower mantle plus core) from the matter above. 
The relationship between “maximum float distance” and ΔT thus calculated for the upper mantle, 
shown in Fig. 6, proves conclusively that convection is physical impossibility in upper mantle. 
Even with the assumed “ideal, optimum conditions” and an unrealistically great ΔT = 600°K, an 
error in the value of α by an order of magnitude would still not cause the “maximum float 
distance” to reach the top of the upper mantle. Upper mantle convection, like lower mantle 
convection, is physically impossible. 
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Fig. 6 The “maximum float distance” to “neutral buoyancy” from the base of the upper mantle as 
a function of “parcel” temperature rise. The value used for the coefficient of thermal expansion, 
α=1.71x10-5 K-1, is for the γ phase of olivine (Meng et al., 1993). 
The idea that a heated “parcel” of bottom mantle matter, under ideal, optimum circumstances 
will float upward to come to rest at its “neutral buoyancy”, the point at which its own density is 
the same as the prevailing mantle density, is based upon the well-founded concept of submarine 
operation and design (Kormilitsin and Khalizev, 2001), which follows from Archimedes’ 
discoveries. The abstraction is in assuming ideal, optimum conditions, i.e., the heated “parcel” 
will suffer no heat loss and will encounter no resistance as it floats upward. Because the mantle 
is solid, not liquid, the heated “parcel” would in fact suffer heat loss and encounter resistance; 
thus, the “maximum float distance” shown in Fig. 5 and in Fig. 6 would be severely reduced. 
As proven above, mantle convection is physically impossible; thus, all investigations that depend 
upon or assume mantle convection are concomitantly refuted, which includes plate tectonics 
theory (Dietz, 1961;Hess, 1962;Le Pichon, 1968;Vine and Matthews, 1963), mantle convection 
models (Schubert et al., 2001), and models which assume mantle convection, such as heat 
emplacement at the base of the crust involving convection (Phillips and Coltice, 2010). Herndon 
has presented a fundamentally different development of geodynamics which does not require 
mantle convection (Herndon, 2010a, b). 
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